Introduction

27
Displacements associated with earthquakes and volcanic activity may span 28 multiple scales, from sub-millimeter per year to tens of meters within seconds [Segall, In recent years, high-rate GPS technology has been continuously improved and 36 increasingly useful to explore large displacements and accelerations [Bilich et deformation. We propose to consider that a ground motion event is over when the 80 ground acceleration has decreased below 10% of its PGA (peak ground acceleration) 81 for a long enough time (e.g., as long as the pre-event time window).
82
Once a ground motion event is detected, the joint data processing is performed in 
On the other hand, we obtain the accelerometer-based displacement time history 101 by double integration of the accelerometer records, defined as ,
where represents the pre-event baseline offset of the accelerometer sensor. 
As can be interpolated and even extrapolated for a short time, the time series 118 of the accelerometer sampling rate can be achieved, although the trend can only be 119 estimated using the GPS and accelerometer data at the common epochs. The true 120 ground velocity and acceleration are obtained by differentiating over time.
121
In order to validate the low-cost combination, dual-frequency GPS and camera 122 video data were analyzed through post-processing, as described in the next section. analyzed by manual identification of the sledge and automatic image-to-image 134 tracking using a Normalized Cross Correlation code [Walter, 2011] . 135 We use the aforementioned joint data processing approach in simulated real-time In addition, the new method estimates the GPS velocity using the broadcast 212 ephemeris received from the satellite signals directly, so that it has a better timeliness. 
